A global ocean inverse model that includes the 3D ocean circulation as well as the production, sinking and remineralization of biogenic particulate matter is used to estimate the carbon export flux in the Pacific, north of 10°S. The model exploits the existing large datasets for hydrographic parameters, dissolved oxygen, nutrients and carbon, and determines optimal export production rates by fitting the model to the observed water column distributions by means of the "adjoint method". In the model, the observations can be explained satisfactorily with an integrated carbon export production of about 3 Gt C yr -1 (equivalent to 3·10 15 gC yr -1 ) for the considered zone of the Pacific Ocean. This amounts to about a third of the global ocean carbon export of 9.6 Gt C yr In order to sustain biological production in the sunlit upper layer of the ocean, a continuous supply of dissolved nutrients from below is required. This nutrient supply can be accomplished by upwelling of nutrient-rich thermocline or deeper water in Ekman divergent regions along coasts or near the equator and by deep-reaching winter convection and mixing. Eddy activity is also seen to supply nutrients to the euphotic zone, although the net effect of eddies on the magnitude of export fluxes is still a matter of debate (McGillicuddy et al., 1998 (McGillicuddy et al., , 2003 Oschlies, 2002) . In the Pacific ocean, upwelling in equatorial and coastal regions as well as convection and vertical mixing processes in sub-polar and polar areas appear to be especially effective, as can be seen in the distribution of surface water phosphate shown in Fig. 1(a) . The map is based on the historical data collection of Reid and Mantyla (available for download at http://www.awib r e m e r h a v e n . d e / G E O / O D V / d a t a / R e i d -M a n t y l a / index.html) and bottle data from the World Ocean Circulation Experiment WOCE (available for download at http:/ /www.ewoce.org) and represents the annual average situ-
Introduction
Biological activity in the surface layer of the ocean leads to an uptake of dissolved nutrients and carbon from the sea-water and to the production of particulate and dissolved organic material. A fraction of the particulate matter obtained by primary production (PP) sinks into deeper layers, where it is remineralized, and nutrients and carbon are returned to the dissolved pool. This export flux of particulate matter out of the euphotic zone (export production, EP) acts as a downward material pump (Volk and Hoffert, 1985) that produces vertical nutrient and carbon gradients, with low concentrations in surface water and high values below. The decrease of surface water carbon concentrations affects surface water pCO 2 values and ultimately controls the air-sea CO 2 exchange and atmospheric CO 2 concentrations. ation with a slight bias towards the summer season, especially in polar regions.
The data show that phosphate levels are high over large areas in the tropical eastern Pacific, along the North American coast and in the entire North Pacific north of 40°N, while in the center of the subtropical gyre in the western North Pacific, phosphate concentrations are very low and near detection limit ( Fig. 1(a) ). Chlorophyll a maps from satellite ocean color sensors ( Fig. 1(b) ) and maps of primary productivity derived from satellite data 
